Glutathione reductase (GR) is a member of a group of mechanistically _ similar flavoproteins, which all contain a redox-active disulfide in addition to FAD. Because its structure has been solved by X-ray diffraction analysis (l, 10), GR from human erythrocytes has become the prototype of this group of enzymes, especially in view of the extensive spectral and sequence homologies found within this group (2,3). Such homologies have been used to identify successfully the catalytically essential disulfide of mercuric reductase and in the production of a series of active site mutants of that enzyme (4). Despite the impressive similarities, there do exist, however, significant structural differences in the relative orientation of the flavin and active site disulfide, as will be shown in this and an accompanying conununication (5). This was made possible by replacing the native FAD with the chemically reactive flavins, 6-SCN-FAD and 6-mercapto-FAD (6).
--- (right) Effect of reduced glutathione followed by DTT on 6-SCN-FAD glutathione reductase. On addition of 2 mM GSH (K -0.1 mM) d the dashed-line spectrum was obtained and remained unchanged over a period of more than 1 hour.
On the subsequent addition of 10 mM DTT, the 6-mercapto-FAD enzyme was formed with a t~ of 10 min (see inset). Conditions, as in Fig. 1 .
The rate of conversion of the 6-SCN-FAD enzyme to the 6-mercapto-FAD form is dependent on the concentration of DTT employed.
The inset to First, DTT added after saturating GSH brings about the conversion to 6-mercapto FAD, as shown in Figure 2 .
In fact the second order rate constant is slightly greater than that found in the absence of GSH, perhaps indicating some distortion of the active site to make the flavin re-face more accessible when GSH is bound (presumably as the mixed disulfide with Cys 5B). Second, NADp For identification of the structural changes, the difference map e between the electron density of the 6-mercapto-FAD enzyme and native enzyme was used. The structure factors of the model were taken from the 1.54A o crystal structure of glutathione reductase refined to an R-factor of 18.6% (10) . The structure of the 6-mercapto-FAD enzyme was refined at 3A o resolution by a restrained least-squares procedure (11) to an R-factor of 13.7% with an overall root-mean-square deviation of O.02A o for bond lengths and 2.1 0 for bond angles.
e Figure 3 . Positive difference-fourier map around the 6-mercapto group of 6-mercapto-FAD glutathione reductase, and native enzyme. The contours are drawn at 15% of the maximum of this map.
The highest peak in the difference fourier map (Fig. 3) These results are in sharp distinction to those obtained with mercuric reductase (5) and point to significant differences in the active sites of the two enzymes.
